The association between problems of the upper limb and the workplace is complex. A large printing manufacturer in the North West of England sought the advice of both a surgeon, specializing in problems of the upper limb and an ergonomist in an attempt to control the frequency of these abnormalities amongst its workforce. The prevalence of these problems prior to and after the introduction of a number of recommendations was collated and the results are discussed. Effectively the introduction of sensible and sympathetic modifications to the workplace appeared to reduce the number of upper limb disorders.
INTRODUCTION
Work-related upper limb disorders (repetitive strain injuries) have been recognized for many years; the first reference being attributed to Ramazzini in 1713 by MacKinnon and Novak. 1 Despite this, controversy still reigns amongst physicians as to the aetiology, pathogenesis and even existence of these conditions. There does, however, appear to be some consensus in that symptoms and signs tend to fall into two categories. The first, where a definite diagnosis, e.g., tennis elbow, carpal tunnel syndrome, can be made and the second, where the symptoms and signs do not fit into a recognized medical pattern. It is this latter group that is particularly contentious. A number of authors have tried to identify a specific pathology 2 whilst others have postulated various theories on pathogenesis.
1 ' 3 However many remain more sceptical and feel that adequate evidence for the existence of these conditions remains to be found. 4 The aim of this paper is not to help in the understanding of the pathology of any of these conditions, but to ascertain the value of a detailed medical and ergonometric evaluation of the workplace in their prevention.
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METHOD
A large printing company in the North West of England was concerned about the increasing incidence of upper limb problems on the shop floor apparently related to the repetitive and often stressful nature of a number of activities performed by workers in this industry. As a consequence, the advice of both an ergonomist and the author was sought in an attempt to quantify the problems, identify particular problem areas, advise on alteration of work practice and to monitor the work force.
Following on from this an anonymous questionnaire was distributed to all members of the work force. Completion of this was entirely voluntary and required workers to supply information on age, sex, particular occupation, the length of employment, presence of upper limb problems and, finally, a worker's opinion as to how they have come about.
Subsequently a description of the various work activities was undertaken to try and identify the various areas of concern. Ultimately, all members of the work force who were experiencing upper limb problems were invited to attend a confidential and anonymous interview with the author whose practice is solely that of a surgeon dealing with upper limb problems. At that time symptoms and signs were evaluated and a positive diagnosis, where possible, was made. Diagnosis was made from the history and examination and occasionally radiological assessment. Other information recorded included the age and sex of the patient, the number of years they had worked for the company, the activity undertaken, any change in work practice that had precipitated the problem and their relationship to their managers, supervisors, etc.
A separate thorough and independent ergonometric evaluation of the workplace was undertaken. Following on from this, particular areas causing problems were identified and a number of recommendations formulated.
Twelve months after the introduction of these alterations all employees were given the identical questionnaire. In addition all employees suffering with upper limb problems were again examined by the author in an identical fashion to ascertain any change in the frequency and type of conditions.
Following a general introduction to the workplace and an evaluation of the various processes involved in the printing industry, three areas of concern were then identified. These were: (1) Knocking-up. By this process air is introduced between the various sheets of paper by vigorously bending the sheets up and down. During this process the operative has to firmly grip each edge of the paper to allow the process to be undertaken. 
RESULTS
Sixty-three employees out of 179 completed the questionnaire. Of these 22 stated that they had no problems in the upper limbs and 41 described some difficulty; the most frequent area of work for these patients were knocking up,-guillotine and Harris collator. Of 179 employees, 44 attended for examination complaining of problems in the upper limbs; the results are set out in Table 1 .
Of the 38 employees involved in knocking-up and jogging, 15 were found to have upper limb problems. Included in this number were two cases of extensor pollicis longus tendonitis (one bilateral), three cases of first carpo-metacarpal joint pain (indeed, one was felt to be unstable) one radial tunnel syndrome, three patients with tennis elbow (bilateral), one golfer's elbow, and one with bilateral carpal tunnel syndrome. Finally four employees' symptoms did not fall into a recognized medical pattern.
Of the 31 employees who worked on the guillotine, seven were experiencing problems in the upper limbs. These included tennis elbow in one, golfer's elbow in two (one bilateral) shoulder pain, neck pain and tenderness over the carpo-metacarpal joint of the second finger, flexor carpi radialis tendonitis and biceps tendonitis.
For the Harris Collator three out of a total of five operatives were experiencing problems: one tennis elbow, one golfer's elbow and a third with pain in the base of the thumb. All employees felt that it was the continuous gripping and lifting of widths of paper that had aggravated their condition.
One table hand (out of 13 employees) was examined and found to be complaining of inflammation overlying the extensor pollicis longus tendon to the thumb. For sheet inspection (5), one had tennis elbow, one diffuse pain on the back of both hands. For the origination/ graphic design staff (26), one had back pain and one neck pain which was felt to be related to the poor positioning of the VDUs. For the office staff (21), one had psoriatic arthritis of the hand, the second had trigger finger, a third had pain in the right index finger and a fourth had a general ache in the shoulders and neck, again VDUs being indicated. Finally amongst the canteen staff (8), one had rotator cuff impingement in the shoulder and the other lower back pain.
Simultaneously, an independent ergonomic evaluation of the workplace was undertaken. As a result of this and the initial medical findings a number of recommendations were instigated. These included:
• The pre-placements screening medical to include upper limb problems.
• The education of all employees to the possibility of upper limb problems developing, particularly in the areas of knocking-up, jogging, use of the guillotine and Harris Collator.
• The instigation of a code of practice in which any employee reporting problems to a supervisor would be taken off that task immediately and advised to seek the most appropriate medical advice. Dependent upon that, a decision would be taken as to when and where the employee could return to work. The identification of lower risk occupations, such as table work, and a gradual reintroduction to the previous task.
• More practical solutions included for the jogging machine, a planned rotation of staff through the various work processes, and the purchase of adjustable chairs for the collator operatives. It was also felt that improving access to the working position of the collating machine would be of benefit. Similarly, a redesigned layout for the jogging machine was introduced. Finally manual handling training instructions for all employees were instigated. As part of this, workers were instructed to work with increased numbers of small weights of paper rather than fewer large weights.
Twelve months after the introduction of these modifications, 61 of these employees out of 170 returned their questionnaire. This time 37 indicated that they were having no problems in the upper limb and 24 were positive. Again the areas of guillotine, knockingup and Harris collator were particularly problematic.
Again subsequent to this all workers with upper limb problems who were willing to be interviewed were assessed and examined in a similar fashion. These findings are given in Table 2 . Essentially 12 of the 32 operatives employed as general assistant litho and binding had upper limb problems. These included one case of carpal tunnel syndrome, three cases of tennis elbow, one of cervical spondylosis, one of rotator cuff impingement and one of first carpo-metacarpal osteo-arthritis. The other five were vague hand and forearm pains often radiating down to the thenar eminence. Of the guillotine operators (27), three were now having problems, two had golfer's elbow and one had an undiagnosed wrist pain, on the Harris Collator (5), one patient developed a ganglion. For tablework (12), one patient had tennis elbow and one had carpal tunnel syndrome. Of the workers involved in sheet inspection (5), one had carpal tunnel syndrome. For the non-shop floor work force, one of the originators (26) had a frozen shoulder whilst for the office staff (21), two had tennis elbow/undiagnosable elbow pain and three had shoulder pain. Finally, of the canteen staff (8), one had definite osteo-arthritis in the shoulder and the other undiagnosed shoulder pain.
DISCUSSION
The increased prevalence of upper limb abnormalities in the printing and associated industries has been known for many years (Rosecrance et a/. 5 ), the principle reasons being the often repetitive actions of the upper limb involved in the manipulation of paper, particularly the activities of collating, knocking-up and use of the guillotine. Over recent years automation has reduced the exposure of the work force to these particular activities, although many still have to be performed by hand, a situation that is likely to continue within the short to medium term. As a consequence, the only alternative open to employers is to prevent or at least ameliorate the effect on the work force. The involvement of physicians and ergonomists is one means by which this can be done. Results of our study would tend to indicate that with the introduction of sensible work practice and a protocol for dealing with problems, the prevalence of upper limb problems can be contained, in that prior to their introduction, there was an prevalence of upper limb problems in 44 of 181 of the workforce; an incidence of 24.3% However, one year after their introduction this fell to 27 out of 170; an incidence of 15.8%. Whilst this difference is not statistically significant (% 2 = 2.68; d.f. 1; p > 0.05) it does indicate a trend, particularly considering the increased awareness of workforces in general to the possibility of developing upper limb problems at work. This would be expected to increase the number of complaints.
Looking at the specific occupations of guillotine operators and air pallet/shrink wrap/banding machines, there does appear to have been a reduction in the number of cases. The introduction of a lighter-weight air-board, redesigns of the layout of the jogging machine and job rotation undoubtedly have had an effect. Similarly with the Harris collator, the purchase of an adjustable chair and job rotation have been important. Generally, there appeared to be an appreciation by the work force that management were serious in their attempts to help with these problems.
With regard to the particular medical conditions themselves, a wide spectrum of diagnoses was seen, although no particular single diagnosis could be attributed to an individual work process. It is of interest, however, that with knocking-up and jogging, five of the 15 cases at the initial assessment involved the thumb. This may be related to the thickness of paper being grasped.
One possible criticism of the work is the low response rate -particularly to the questionnaire. Out of 179 employees just over a third responded. Obviously, this response may not be representative of the whole work force. In designing this study the authors were concerned that a compulsory employee response would be seen as an intrusion by management. The employees' Trade Union particularly expressed concern. As a consequence, although not ideal, completion of the questionnaire and attendance for examination were made both voluntary and anonymous. Having said that, shop floor supervisors and managers, as well as Trade Union officials actively encouraged workers with problems to attend.
To conclude, the association between upper limb disorders and the workplace is a complex issue. Whilst this article does not attempt to explain the pathogenesis nor identify a specific relationship, it does show that with appropriate ergonomic and medical input the prevalence of these conditions can be controlled.
